A polyphasic taxonomic study was performed on an unidentified Arcanobacterium-like, Gram-stain-positive bacterium, strain 2710 T , isolated from a harbour seal. Comparative 16S rRNA gene sequence analysis showed that this bacterial strain belonged to the genus Arcanobacterium and was related most closely to the type strains of Arcanobacterium phocae (98.4 % similarity) and Arcanobacterium phocisimile (97.5 %). 16S rRNA gene sequence similarities to the type strains of other Arcanobacterium species were between 95.3 and 96.9 %. DNA-DNA hybridization values between strain 2710 T and A. phocae DSM 10002 T and A. phocisimile LMG 27073 T were 4.7 % (reciprocal 56 %) and 23 % (reciprocal 7.7 %), respectively. The presence of the major menaquinone MK-9(H4) and a polar lipid profile with the major compounds diphosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannoside supported the affiliation of strain 2710 T to the genus Arcanobacterium. The major fatty acids were C16:0, C18:1v9c, C18:0 and C18:2v6,9c/anteiso-C18:0. The peptidoglycan structure was of cross-linkage type A5a (L-Lys-L-Lys-D-Glu). Physiological and biochemical tests clearly distinguished the isolate from other members of the genus Arcanobacterium. Based on these tests, it is proposed that this unknown bacterium should be classified as a novel species of the genus Arcanobacterium, with the name Arcanobacterium pinnipediorum sp. nov. The type strain is 2710 T (5DSM 28752 T 5LMG 28298 T ).
INTRODUCTION
The genus Arcanobacterium was described by Collins et al. (1982) to accommodate a group of facultatively anaerobic, asporogenous, Gram-stain-positive rods. Yassin et al. (2011) proposed that the genus was in need of taxonomic revision, supported by different quinone systems, and should be split into two genera, with Arcanobacterium haemolyticum, A. phocae, A. pluranimalium and A. hippocoleae belonging to the genus Arcanobacterium sensu stricto and Arcanobacterium abortisuis, A. bernardiae, A. bialowiezense, A. bonasi and A. pyogenes being transferred to the genus Trueperella. More recently, Arcanobacterium canis and Arcanobacterium phocisimile were described as novel species of the genus Arcanobacterium (Hijazin et al., 2012 (Hijazin et al., , 2013 . During routine microbiological diagnostic studies, one bacterial strain isolated from a harbour seal showed unusual features. As previously described for A. phocisimile (Hijazin et al., 2013) , this strain was isolated, together with several others (data not shown), during a monitoring programme of free-living harbour seals of the German North Sea. Strain 2710 T was isolated in 2004 from an anal swab of a living male harbour seal (length 180 cm, weight 77 kg). The strain was characterized based on Gram-staining and phenotypically based on haemolytic properties, CAMP-like haemolytic reactions and determination of biochemical properties using the API Coryne test system (bioMérieux) and various other analytical procedures (Ü lbegi-Mohyla et al., 2009; Hijazin et al., 2013) . The strain was additionally characterized genotypically based on 16S rRNA gene sequencing (Sammra et al., 2014) .
The 16S rRNA gene fragment sequenced for strain 2710 T represented a continuous stretch of 1348 bp (gene sequence positions 28-1392, according to the Escherichia coli numbering given of Brosius et al., 1978) . Detailed phylogenetic analysis was performed with the ARB software package release 5.2 (Ludwig et al., 2004) using the database of the 'All-Species Living Tree' Project (LTP; Yarza et al., 2008) release LTPs111 (February 2013) . The sequence of the new strain was aligned with SINA (v1.2.11) according to the SILVA seed alignment (http://www.arb-silva.de; Pruesse et al., 2012) and implemented into the LTP database. The alignment of all sequences included in the phylogenetic analysis was checked manually based on secondary structure information. A maximum-parsimony tree was reconstructed using DNAPARS v3.6 (Felsenstein, 2005) , a maximum-likelihood tree using RAxML v7.04 (Stamatakis, 2006) with GTR-GAMMA and rapid bootstrap analysis, and a neighbour-joining tree (generated in ARB neighbour-joining) using the Jukes-Cantor correction as the evolutionary model (Jukes & Cantor, 1969) with 100 resamplings (bootstrap analysis ; Felsenstein, 1985) . All calculations were based on 16S rRNA gene sequences between gene positions 132 and 1379 (according to E. coli numbering, Brosius et al., 1978) . Phylogenetic trees showed that strain 2710
T was placed in the monophyletic cluster of the genus Arcanobacterium, clustering with high bootstrap support together with the type strain of A. phocae (Fig. 1) . T within the family Actinomycetaceae. The tree was generated in ARB and based on E. coli sequence positions 128-1379 (Brosius et al., 1978) . Numbers given at nodes represent bootstrap percentages (.70 %) calculated based on 100 replications. Asterisks indicate nodes that also showed high bootstrap support in the maximum-likelihood tree generated with RAxML. The 16S rRNA gene sequence of Microbacterium lacticum DSM 20427 T was used as outgroup. Bar, 0.1 substitutions per nucleotide sequence position.
Pairwise sequence similarity analysis (calculated in the ARB neighbour-joining tool without the use of an evolutionary model) showed that strain 2710 T shared highest 16S rRNA gene sequence similarity with the type strains of A. phocae and A. phocisimile (98.4 and 97.5 %, respectively). Sequence similarities to all other type strains of Arcanobacterium species ranged from 95.3 to 96.9 %. Strain 2710 T shared all 16S rRNA gene sequence signature nucleotides defined as specific for the genus Arcanobacterium (Subcluster I; Yassin et al., 2011) , which distinguish the genera Arcanobacterium and Trueperella (Table S1 , available in the online Supplementary Material).
For further genotypic differentiation between strain 2710 T and those type strains sharing more than 97 % 16S rRNA gene sequence similarity, genomic DNA was extracted according to Pitcher et al. (1989) and DNA-DNA hybridization was performed as described by Ziemke et al. (1998) . Hybridization values between strain 2710 T and A. phocae DSM 10002
T and A. phocisimile LMG 27073 T were 4.7 % (reciprocal 56 %) and 23 % (reciprocal 7.7 %), respectively.
Quinones and polar lipids were extracted by an integrated procedure and analysed as previously described (Tindall, 1990a, b; Altenburger et al., 1996) . For HPLC analysis of the quinone system, the equipment applied was as described by Stolz et al. (2007) . The quinone system contained the major compound menaquinone MK-9(H4) (91 %), with minor amounts of MK-9 (6 %) and MK-8(H4) (3 %). In the polar lipid profile, diphosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannoside were predominant. In addition, moderate to minor amounts of five unidentified glycolipids, three unidentified aminolipids and five unidentified polar lipids, only detectable after total lipid staining, were detected (Fig. 2) .
For fatty acid analysis, biomass of strain 2710 T was cultured on sheep blood agar at 37 uC for 72 h and harvested at approximately the same growth stage as reported for other Arcanobacterium species. Extraction and analysis of fatty acids was performed as described previously (Kämpfer & Kroppenstedt, 1996) using an HP 6890 gas chromatograph with Sherlock MIDI software version 2.11 and a TSBA peak naming table version 4.1. The fatty acid profile of strain 2710 T contained C16 : 0 (32.5 %), C18 : 1v9c (24.9 %), C18 : 0 (22.7 %) and C18 : 2v6,9c/anteiso-C18 : 0 (summed feature 5; 12.9 %) as major components, and C14 : 0, C12 : 0 and C10 : 0 (all below 4 %) as minor components, and was in congruence with those reported for other Arcanobacterium species Hijazin et al., 2012 Hijazin et al., , 2013 .
Peptidoglycan analysis was performed according to Schumann (2011) . The peptidoglycan structure was of cross-linkage type A5a (L-Lys-L-Lys-D-Glu) (A11.51 according to www.peptidoglycan-types.info) and matched the description of the genus Arcanobacterium as emended by Yassin et al. (2011) . Physiological characterization was performed as described previously (Hijazin et al., 2012 (Hijazin et al., , 2013 ; results for strain 2710 T are given in the species description and are compared with the type strains of other Arcanobacterium species in Table 1. Based on these genotypic, chemotaxonomic and physiological data, strain 2710
T is considered to represent a novel species of the genus Arcanobacterium, for which the name Arcanobacterium pinnipediorum sp. nov. is proposed.
Description of Arcanobacterium pinnipediorum sp. nov.
Arcanobacterium pinnipediorum (pin.ni.pe.di.o9rum. N.L. gen. pl. n. pinnipediorum of Pinnipedia, a group of semiaquatic marine animals).
Cells are non-motile, non-spore-forming, Gram-stainpositive, pleomorphic, v-shaped, oxidase-negative rods. On sheep and rabbit blood agar, forms discoid, opaque and whitish pinpoint colonies, 0.5 mm in diameter, with a weak zone of haemolysis. Growth occurs under microaerobic conditions; less pronounced growth occurs under aerobic and anaerobic conditions. CAMP-like reactions occur with Streptococcus agalactiae and Rhodococcus equi as indicator strains and a reverse CAMP reaction in a zone of staphylococcal b-haemolysin is observed. Acid is produced or weakly produced from D-glucose, maltose, lactose, D-xylose, sucrose and glycogen, but not from Dribose or D-mannitol. Activity of the following enzymes is observed: pyrrolidonyl arylamidase, pyrazinamidase, alkaline phosphatase, b-galactosidase, a-glucosidase, N-acetyl-b-glucosaminidase, catalase and amylase. No activity is detected for the following enzymes: nitrate reductase, b-glucuronidase, b-glucosidase and a-mannosidase. Negative for aesculin hydrolysis, urease, gelatinase, serolysis on Loeffler agar and caseinase. The quinone system contains predominantly MK-9(H4) with minor amounts of MK-9 and MK-8(H4). In the polar lipid profile diphosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannoside are the major components. Moderate to minor amounts of five unidentified glycolipids, three unidentified aminolipids and five unidentified polar lipids, only detectable after total lipid staining, are detectable.
Major fatty acids are C16:0, C18:1v9c, C18:0 and summed feature 5 (C18:2v6,9c/anteiso-C18:0); minor fatty acids are C14:0, C12:0 and C10:0.
The peptidoglycan structure is of cross-linkage type A5a (L-Lys-L-Lys-D-Glu) (A11.51 according to www.peptidoglycan-types.info). The type strain, 2710 T (5DSM 287525LMG 28298), was isolated from an anal swab of a harbour seal (Phoca vitulina). The 16S rRNA gene sequence of the type strain contains all 12 16S rRNA gene signature nucleotides defined by Yassin et al. (2011) for the genus Arcanobacterium (Subcluster I, Yassin et al., 2011) that distinguish species of the genus Arcanobacterium from species of the genus Trueperella.
